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ABSTRACT
M ech a n istic  in v e s t ig a t io n s  h a v e  show n that nucleophilic v in y lic  
su b stitu tion  at sp^ carbon occurs b y  a v a r ie ty  of m echanism s. The v inyl 
cation and addition-elim ination mechanisms are the extrem es rep resen ted  
b y  leav in g  group d issociation  followed b y  attack  b y  the nucleophile and 
v ic e -v e r sa . It has been  proposed that a continuum e x is ts  betw een th ese  
m echanistic extrem es w ith a concerted  p rocess (leav in g  group departure  
and nucleophile attack  are synchronou s) in the middle of th is continuum .
The u se  of secondary isotope e ffec ts  is  su g g e sted  as an in v e stig a ­
tive  tool to locate where along the continuum  a particular sub stitu tion  
reaction lie s . A d istin ct d ifferen ce is  ob served  betw een the p rev io u sly  
reported  secon d ary  isotope e ffec ts  for v in y l cations (small and p ositive  
~ 1.05 to 1 .2 0 )  an d  th e  resu lts  we obtained for addition-elim ination  
s u b s t i t u t io n s .  2 - c h o lo r o - l , 1 -d icarbom ethoxyethylene was u sed  as the  
su b stra te  b ecause of its  stron g  electron  w ithdraw ing su b stitu en ts  on the  
p-carbon. A niline, 2 ,6 -d im eth ylan ilin e, m -anisid ine, and p-brom oaniline  
showed e ffec ts  w here k jj/k j) = .73 , .7 9 , .74 , and .82 , resp ec tiv e ly ,
when reacted  w ith the su b stra te  and its  deuterated  analogue.
T h e u s e  o f  tr a n s it io n  metal com plexes as nucleophiles was also  
in v e s t ig a t e d .  C om p lexes su c h  a s  P t [ ( P h 3 ) ] 4  undergo an oxidative  
ad d ition  as th ey  su b stitu te  for a leav in g  group at a v in ylic  carbon. 
S e c o n d a r y  iso top e e ffec ts  for reactions of the platinum complex with  
su b str a te s  were ob served  and found to be h igh ly  in v erse  which may 
su g g e st  that another mechanism is op erating .
SECONDARY ISOTOPE EFFECTS OF 
NUOLEOPHILIC VINYLIC SUBSTITUTION
It h a s  b e e n  p r o p o se d  th a t th e  rep lacem en t of su b stitu en ts  at 
v in y lic  carbon atoms proceeds via a v ariety  of mechanism.  ^ There
a re  tw o fu n d a m en ta l in te r a c t io n s  and  th e ir  tim in g  d eterm in es the 
mechanism. The f ir s t  is attack  b y  the nucleophile and the second  is  
cleavage of the carbon to leav in g  group bond.
If  th e  le a v in g  g ro u p  d e p a r ts  f ir s t ,  a v in y l cation if  f o r m e d . ^  
Subsequent addition of the nucleophile in a rapid second  step  resu lts  in 
formation of the su b stitu tion  prod u ct.
FIGURE 1
R R R R
\  / slow \  + fa st  \  /
C = C ---------- > C = C   R  > C = C
/ \  / Nu / \
R' L R’ R’ Nu
T his v in y l cation mechanism can be considered  analogous to S ^ l su b s ti­
tution  at saturated  carbon where a carbocation is also form ed.
If  le a v in g  group departure and attack b y  the nucleophile occur  
sim ultaneously , then the su b stitu tion  is  considered  to be a concerted  
p r o c ess .
1Z . R appoport, A dv. P h y s. O rg. C hem ., 1969, 7, 1.
^G. Modena, A ccounts Chem. R e s .,  1971, 4, 73.
^ P .J . S tang , Z. R appoport, M. Hanack, a n d L .R . Subramanian, ”Vinyl 
C a tio n s,” Academic P r e ss , New Y ork, 1979.
^ P .J . S tan g , Z. Rappoport, M. H anack, a n d L . R . Subramanian, "Vinyl 
C a tio n s,” Academic P r e ss , New Y ork, 1979.
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3FIGURE 2
\  / \  /
C  = C  + Nu ---------» C = C + L
/ \  / \
L Nu
A s w ith  S^2 su b stitu tion  at a saturated  carbon, leav in g  group bond  
break in g  and nucleophile bond formation are synchronou s. This s in g le  
step  mechanism is also known as d irect su b stitu tion .
V in y lic  s u b s t i tu t io n  d if f e r s  from  i t s  alphatic analogues in the  
case w here the nucleophile can add to the su b strate  in a d istin ct f ir s t  
step .^  A bond is formed from the electrophilic carbon under attack to 
the nucleoph ile. The n -e lectro n s of the double bond are d isp laced  to 
th e  (3-carbon form ing a zw itterion if  the nucleophile is n eu tra l, or a 
ca rb a n io n  i f  th e  nucleophile is  n eg a tiv e . E lectron-w ithdraw ing su b ­
stitu en ts  on the p-carbon encourage formation of the carbanionic sp ecies  
an d  s u b s tr a te s  w ith  th is  general stru ctu re  are referred  to as a cti­
v a ted . In a secon d , rapid step  the leav in g  group is  exp elled  and the n 
electron s retu rn  to reform the double bond.
FIGURE 3
\  / slow \ -  / + fa st \  /
C = C + Nu ---------» C -  C  -N u  -------- > C = C
/ \  / \  / \
L L Nu
T h is  m echan ism  is  r e fe r r e d  to  a s  an  " a d d it io n -e lim in a tio n ," or a 
m ulti-step  rou te .
^Z. Rappoport, Accounts Chem. R e s . ,  1981, 14, 7.
T here are sev era l com peting reactions:^  elimination to an alkyne; 
a d d itio n  to  a s a tu r a te d  com p ou nd ; a ,a  elimination - addition via a 
c a r b e n e ;  an d  a ,  p e lim in a tio n  - a d d itio n  via an a llene. H owever, 
n u c le o p h ilic  v in y lic  sub stitu tion  in its  s tr ic te s t  sen se  can be limited 
to the th ree p rev io u sly  m entioned mechanisms or some variation along the  
continuum  of mechanisms rep resen ted  b y  v in y l cations to d irect su b ­
stitu tion  to addition elimination.
FIGURE 4
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and b reak ing
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\ +
C = C -
/
v in y l cation  
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Nu
\  i
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/ !
L
direct su b stitu tion  
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V  /
C -  C -  Nu 
/ \
L
addition - elimination 
interm ediates
R a p p o p o rt  ^ h a s  proposed  that a continuum e x is ts  betw een the  
m e ch a n is t ic  ex trem es of the v in y l cation and the addition-elim ination  
ro u tes. The tran sition  sta te  or interm ediate is  variable and will occur  
a s  a function  of the nucleophile, the su b stra te  and its  su b stitu en ts , 
and the so lv en t. A lthough an exact relationship  betw een mechanism and  
th ese  variab les is  not know n, th ere is considerable ev id en ce to form a
^Z. Rappoport, A dv. P h ys. Org. Chem ., 1969, 7, 74.
?Z. Rappoport, Accounts Chem. R e s . ,  1981, 14, 9.
5r e lia b le  correlation  and a model system  that will p red ict the correct 
m ech an ism . S te r e o c h e m is tr y , elem ent e ffec ts  and secondary isotope  
e ffec ts  are u sed  as ev id en ce to su g g e st  the appropriate mechanism.
STEREOCHEMISTRY
A s w ith  s a tu r a te d  a n a lo g u e s , th e  stereochem istry  of so lvolytic  
su b stitu tion  at v in y l carbons is  extrem ely in sig h tfu l in determ ining the  
m echanism  o f su b stitu tio n . Since ch irality  is not available generally  
as a m echanistic tool, the ratio of E and Z isom ers in the product is  
compared to the reactan t. The relationship  of the p -su b stitu en ts  with  
the leav in g  group and the nucleophile indicate the stereochem istry  of 
the su b stitu tio n . If the product g iv es  a complete stereocon vergen ce it 
can be h yp oth esized  that a linear v in y l cation has been  form ed. Sub­
seq uent attack b y  the nucleophile occurs from any direction to g ive a 
p ro d u ct ratio that is  only dependent on the relative en erg ies  of the 
p ro d u c ts . In cases where an a- or p- su b stitu en t could stab ilize the 
interm ediate v in y l cation , complete stereocon vergen ce has been o b ser ­
v ed . Sherrod and Bergman^ ob served  that cyclopropyl stab ilized  system s  
su ch  as 1  - cyclopropyl - 1  - iodopropene gave the same ratio ^ in the
product regard less  of the configuration  of the sta rtin g  m aterial . 1 0
®S.A. Sherrod and R . G. Bergm an, J. Am. Chem. Soc. 93, 1925 (1971). 
^ S .A . S h errod an d R .G . Bergm an, J. Am. Chem. Soc. 93,1925 (1971). 
I^d .R . K elsey and R .G . Bergm an, J. Am. Chem. S o c . , 93, 1941 (1971) .
6FIGURE 5
CH3 CHo oAc CH3
\  / \  / \  / 
c = c + ---------- —> c = c c = c
/ \  EXCESS / \  / \
H I AgOAc H fV  H oAc
HoAc
Z E Z
3 2 .3 ± .5% 3 3 .5±.8%
C H 3  I C H o  oAc C H 3
\  / \  / \  / 
c = c +  » c = c c = c
/ \  EXCESS / \  / \
H r v  AgOAc H IV H oAc
HoAc
E Z E
3 0 . 3±1 . 1% 3 5 . 9±0 . 3%
This stro n g ly  su g g e s ts  that both the E and Z isom ers lose iodide in  
a slow rate determ ining step  to form an identical planar cyclopropyl- 
s ta b il iz e d  v in y l  ca tio n  in te r m e d ia te . A d d itio n  o f th e  n u c le o p h ile  
resu lts  in a constant ratio of E to Z isom er in the p rod u ct.
S e v e r a l ex a m p les  o f s tereo co n v er g en ce  have been  ob served  for  
n u c le o p h ilic  v in y l ic  s u b s t i t u t io n s  p r o p o se d  to  p r o c e e d  b y  a v in y l 
cation. In many of th ese  cases th ere is a s lig h t p referen ce for one 
isom er over the o th er. This is  exp lained  gen erally  b y  the interaction  
of a p -su b stitu en t and the nucleoph ile. Large s ter ic  h inderance might 
induce the nucleophile to attack p referen tia lly  from the opposite s id e , 
while h yp er conjugation might a ttract the nucleophile to the same side as 
the p ertin en t su b stitu en t.
7In the case of the sin g le  step  mechanism complete or near complete 
reten tion  of configuration  is o b s e r v e d . 12 A ttack of the nucleophile
occurs perpendicu lar to the plane of the v in y l group . As the bond from 
the nucleophile to the v in ylic  carbon form s, the bond to the leav in g  
group is  break in g  and the leav in g  group departs from the opposite side  
of the p lane.
T h e s u b s t itu t io n  o c c u r s  w ith reten tion  of configuration because the  
n u c le o p h ile  r e p la c e s  th e  le a v in g  group before the carbon atom can 
ro tate . Several exam ples of su b stitu tio n s w ith greater than 98 p ercent  
reten tion  of configuration  have been  o b serv ed . T hese include a v a r ie ty  
of su b str a te s , n u cleop h iles, and con figu ration s.
T here are exam ples of both  activated  and deactivated  su b stra tes  as 
w ell a s  m od erate  to  ex ce llen t nucleophiles that g ive nearly  complete 
reten tion  of configuration . This would a lready appear to indicate that
H D .D o d d , M .D. Johnson, B .J . M eeks, D.M. Titonm arsh, K .N . V . D uong, 
and A. Guademer, J. Chem. S o c .,  Perkin T rans. 2, 1261 (1976).
FIGURE 6
Nu
I. Miller, T etrahedron , 33, 1211 (1977).
8Table 1
REACTIONS GIVING >98% RETENTION OF CONFIGURATION
p - 0 2 NC6 H4CH = CHBr + P h S " -------- » 1 3
PhCH = CHBr + PH2 P~ -------- > 1 4
NH
1 X i sC1CH = CHC02Et + CH2 -CH 2  ------- » 1 5
C1CH = CHCN + EtS“ ---------» 1 6
th e r e  is  a sp e c tr u m  or continuum  of mechanisms that can occur in 
v in y lic  su b stitu tio n . If su b stra tes  that would gen erally  be associated  
w ith  addition-elim ination  b ecause of th e ir  activatin g  su b stitu en ts  g ive  
r e s u lt s  th a t  in d ic a te  th ey  actually  proceed  via a d irect su b stitu tion  
mechanism b ecau se of its  near complete retention  of configuration  then  
i t  a p p e a r s  reasonable to h yp oth esize  a mechanism betw een th ese  two 
e x tr e m e s  w ith  an in f in it e  nu m b er of d istin ct p ossib ilities  along the  
me chanis tic coord in ate .
13 G. M archese, G. Modena, and F . N aso, T etrahedron 24, 663 (1968).
4 4 A.M . A guiar and D. D aigle, J . Am. Chem. S o c .,  8 6 , 2299 (1964).
B iou gn e, F . T heron, and R. V essiere , B ull. Soc. Chim. Fr. , 
2703 (1975).
l^W .E. T ruce and M.L. G orbaty, J . O rg. C hem ., 35, 2113 (1970).
9Substitu tion  p roceed in g  b y  the addition-elim ination mechanism leads 
to  a v a r ie ty  o f s te r e o c h e m ic a l p o s s ib i l i t i e s . ^  In the slow , ra te-  
determ ining step  the nucleophile b inds to carbon and the interm ediate 
a n io n ic  s p e c ie s  is  p r o d u c e d . If the interm ediate rotates 120° in a 
counter clockw ise fash ion  the product will be in v erted . If the in ter ­
m ediate is  allowed to rotate 180° or for an exten d ed  period of time, 
sterocon vergen ce will re su lt .
FIGURE 7
Nu* ■»
X
Nu -
X
Nu Nu
-L
60° V  
Clockwise
X X
120 °  _____J
Counter \
Clockwise j^ u
X
Nu
X
Y Z
180
L
f-Nu
Both  
-> E and Z 
isom ers
l^Z. Rappoport, Accounts Chem. R e s . ,  1981, 14, 8.
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U sin g  stereoch em istry  as an in v estig a tiv e  tool is  a good sta r tin g  point 
fo r  d e te r m in in g  the lik ely  mechanism. Substitu tion  p roceed in g  b y  a 
v in y l  cation should show a large d egree of racem ization, while those  
s u b s t i t u t io n s  o c c u r r in g  in  a c o n c e r te d  p r o c e s s  w ill m aintain near  
c o m p le te  r e te n t io n  o f c o n f ig u r a t io n . I f th e  r e a c t io n  fo llo w s  an  
a d d it io n -e lim in a t io n  r o u te  a v a r ie ty  of stereochem istries is  ob served  
d e p e n d e n t  u p o n  ro ta tio n  a b o u t th e  carbon-carbon double bond and 
sta b ility  of the interm ediate.
ELEMENT EFFECTS
Element e ffec ts  in su b stitu tion s are determ ined b y  m easuring the  
r e la t iv e  r e a c t iv i t ie s  o f v a r io u s  v in y l h a lid es. E lectronegativ ity  and  
carbon to halide bond stren g th  e ffe c t  the rate of bond b reak in g  to the  
le a v in g  g r o u p . This o ffers fu rth er  in sig h t into which mechanism is 
fu n ction in g .
In the case of the v in y l cation mechanism, cleavage of the carbon  
to  h a lid e  b o n d  is  th e  rate-d eterm in in g  step  and so a great deal of 
in fo rm a tio n  can  b e  o b ta in e d  from  ex a m in in g  th e  e lem en t e f f e c t s .  
O b se r v e d  e lem en t e f f e c t s  co rre la te  well w ith carbon to halide bond  
s t r e n g t h  d a ta . T h e se  ex a m p le s  th u s  e x h ib it  r a te s  w h ere  K gr »
KC1 k F*
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FIGURE 8
l,3 -d ite r t-b u ty l-3 -p h e n y l- l-e h lo r o p r o p a d ie n e  ---------- >
1, 3 -d itert-b u ty l-3 -p h en y l-l-b ro m o p ro p a d ien e  ---------- »
k Br = 56 @ 35°C
k Cl
The w eaker carbon to bromine bond breaks more easily  and su b ­
s t i tu t io n  p r o c e e d s  f a s t e r  th a n  w ith  ch lo r in e . The leav in g  group's  
a b il ity  to  accommodate n egative charge is proportional to its  rate of 
d ep artu re. This has led to the u se  of sup er leavers such  as to sy la te , 
b rosy la te  and tr ifla te . T riflates are known to be 1 0  ^ - 10® times more 
reactive than the corresponding arene sulfonates^® and th erefore some 
10® - 10® tim es f a s t e r  than  alkyl h a l i d e s . U sing th ese  excellen t  
leav in g  g ro u p s, v in y l cations are more readily  gen erated .
S tang and S u m m e r v i l l e ^  prepared  and in v estig a ted  the so lvo ly tic
s u b s t i t u t io n  o f a c y c lic  v in y l  t r i f la t e s  fo r  th e  f ir s t  tim e . C is -2 -  
b u t e n - 2 - y l  t r i f la t e  s o lv o ly z e s  a t 76° (k-^go = 2 .3  X 10"® sec"^-) to  
g iv e  d im ethylacetylene (58%), m ethylallene (9%), and 2-butanone (33%). 
T h e r e a c t io n  p r o c e e d s  v ia  a u n im o lecu la r  io n iz a tio n  w ith  a v in y l  
cation as an interm ediate.
1®M.D. Sch iavelli, R. G ilbert, W. B oynton , and C. Bosew ll, J. Am. 
Chem. S o c .,  94, 5061 (1972).
1®M. Su , W. S liw insk i, and P. S ch ley er , J. Am. Chem. S o c ., 91, 5385 
(1969).
H ansen, J. O rg. C hem ., 29, 4322 (1965).
2 1 p .J . Stang and R .H . Summ erville, J. Am. Chem. S o c .,  91, 4600 
(1969).
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FIGURE 9
 » C H 3 C  E C C H 3  5 8 %
p-hyd rid e elimination
C H o  C H o  C H o
\  / \
r 1 _  + / - «  / - I T T  '  ^ T 1 3  —  ^  “  ' ^ r L 2c = c -------------> C  = C  -  C H o   > C H o  -  C H  = C  = C H o  9%
/ \  — | /
H  O T f  I H
O T f
‘O H
C H o  C H o  C H o  C H o
\  / \  /
 > C  =  C  ---------- > C H o - C
/ \  II
H  O H  O
33%
P. S tang , R. Summerville J .A .C .S ,  91, 4600, 1969
S in ce  th e n ,  the u se  of other su lfa tes  and tr ifla tes has enabled  
e x p e r im e n te r s  to  in v estig a te  numerous su b stitu tio n s because of their  
excellen ce as a leav in g  group .
Element e ffec ts  are n eg lig ib le  for the addition-elim ination pathw ay  
b ecau se cleavage of the carbon to leav in g  group bond is not the rate  
determ ining s te p . Experim ental ev id en ce sup p orts th is  id ea . 2 2
It should be noted that fluorine will g ive  an enhanced rate but for  
d if f e r e n t  r e a s o n s .  B e c a u se  o f f lu o r in e 's  greater  e lectro n eg a tiv ity , 
(F = 4 .0 , Cl = 3 .0 ,  Br = 2 .8 ) 2  ^ it will in crease the electron p h ilic ity  of
2 2 Z. Rappoport and A . Topol, J. Chem. S o c .,  Perkin T rans. 2, 12, 
1823 (1972).
2 ^ P au lin g  an d  P au lin g , C hem istry, W . H .  Freeman and C o ., San 
Francisco, 1975, page 128.
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the v in y lic  carbon and cause the rate-determ in ing attack b y  the nucleo­
phile to occur fa ster .
Table 2
nucleophile su b stra te KB r /K Cl ® 30° c
aniline
H COoMe
\  /
C = C 
/ \
B r , Cl C 0 2Me
1.06
m -m ethoxyaniline
H COoMe
\  /
c = c 
/ \
B r , Cl CQ2Me
1.01
p-brom oaniline
H C 02Me
\  /
c = c
/ \
B r, Cl C 02Me
1.05
U n lik e  th e  v in y l  ca tio n  m echanism  and the addition-elim ination  
r o u te ,  th e  co n certed  p rocess is  not as easily  id en tified  or modeled. 
Without an exem plary reaction  to exam ine, it is  im possible to know what 
e lem en t e f f e c t s  a re  o b s e r v e d  fo r  th is  mechanism. It is  reasonably  
h yp oth esized  that b ecau se the concerted  p rocess is betw een  the extrem es  
o f th e  v in y l  cation and the addition-elim ination mechanisms that k g r 
> k c l  > k F and k o t f »  k g r . D eparture of the leav in g  group is  occur-
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rin g  in the s in g le  rate determ ining step ; how ever, because th is is a
b im o lecu la r  p r o c e s s  w h ere  a tta c k  o f th e  n u c le o p h ile  is  o c c u r r in g
sim ultaneously , the element e ffec ts  should  not be as pronounced as with  
v in y l  c a t io n s . T he e le c tr o n e g a tiv it ie s  of the halide leav in g  groups  
will serv e  to moderate their rates becau se the slow er leav in g  fluoride  
will again enhance the e lectrop h ilic ity  of the v in y l carbon atom. The 
ex p ected  resu lt  is s till k g r > kQj > kp but the m agnitude of the ratio  
of rates may not be as g rea t. Ind eed , th is trend has been  recen tly  
ob served  for su b stitu tion  in sev era l lig h tly  activated  system s that are 
h yp oth esized  to proceed  via a concerted  r o u te .24 > 25
FIGURE 10
PhCH: CHX + C o(dm gH )2 py~ ---------> PhCH: CHCo(dmgH)2p y  + X"
I > Br > Cl > F
PhCH: CHX + Me2CuLi  » PhCH:CH 2  + PhCH: CHMe
k B r ^ k C l  = 100
and
kp ---------> O
Both of the cited  reactions in volve a metal complex as the n u cleo­
p h ile . A great deal of in terest has recen tly  developed con cern ing the  
h igh  n u cleop h ilic ity  of th ese  metal com plexes.
24p . D odd, M. Johnson , B . M eeks, D. T itchnm arsh, K. D uong, and  
A. Gaudemer, J . Chem. S o c ., Perkin T ras. 2, 1261 (1976).
2 5 C . M affeo , G. M archese, and F. Naso, J. Chem. S o c .,  Perkin  
T ran s. 1, 92 (1979).
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E lem ent e f f e c t s  g iv e  additional in sig h t into which mechanism is 
fu n c t io n in g .  S u b s t itu t io n  v ia  a v in y l cation interm ediate g iv es  the 
most pronounced elem ent e f fe c ts . B etter leav in g  groups d irectly  a ffect  
the rate and k g r »  k^q »  k p . When the addition-elim ination mechanism  
is  o p e r a t in g , e lem en t e ffe c ts  are neg lig ib le  b ecause cleavage of the  
leav in g  group bond does not occur in the rate determ ining s te p . It is 
h yp oth esized  that a concerted  su b stitu tion  will show moderate elem ent 
e f fe c t s .
SECONDARY ISOTOPE EFFECTS
S e c o n d a r y  iso to p e  e f fe c ts  resu lt from isotop ic su b stitu tion  at a 
b on d  n o t b e in g  broken in the reaction . In the case of nucleophilic  
v in y lic  su b stitu tion  a deuterium  atom may be a su b stitu en t at e ith er the  
a or the p-carbon and the resu ltin g  change in rate may be m easured. The 
reaction coordinate is  not a ffected  b y  the deuterium  su b stitu tion  and so  
it  m akes no c o n tr ib u t io n  to  th e  iso to p e  e f fe c t .  Secondary isotope  
e ffe c ts  arise  so ley  from the changes of zero point en erg ies  of ordinary  
v ib r a tio n s  w hich are dependent on m ass. If a v ib ration ’s freq u en cy  
d ecreases on go in g  to the transition  sta te  then  k jj/k j) > 1.^® C onver­
s e ly ,  if  the v ibrations freq u en cy  in creases then  k jj/k j) < 1 .  If the  
isotop ic su b stitu tion  is  made at a carbon that undergoes a change of 
h y b rid iza tion  d uring  the reaction , then  the secondary isotope e ffec ts  
are often  fa ir ly  pronounced .
26a . S tre itw ieser , R. Jagow, R. Fahey, S. Suzuki, J. Am. Chem. 
S o c .,  80, 2326 (1958).
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B ecause prim ary v in y l cations are not read ily  o b serv ed , there are 
n ot ex a m p les  o f a - s e c o n d a r y  iso to p e  e f f e c t s  im m ediately available. 
R ather, p and T secondary isotope e ffec ts  as well as a isotope effects  
fo r  so lv o ly s is  of halloallenes are known. Sch iavelli, E llis, Germroth, 
an d  S tu b b s  s tu d ie d  th e  s o lv o ly s is  o f v a r io u s  a lle n y l h a lid e s  and 
ob served  th eir  a and T isotope e f fe c t s . The resu lts  indicate a larger  
than exp ected  k j j /k j ) .^
Table 3
SOLVOLYSIS OF BROMOALLENES
k I k
Substrate Solvent Temp H D
Me2C = C = C H (D)Br 50% EtOH 5 4 .2°C 1 . 2 0 1 . 0 1
Me2C = C = CH (D)Br 70% TFE 5 4 .2°C 1.231 .02
t -B u 2C = C = C H (D)Br 50% EtOH 7 4 .4°C 1.281 .03
t -B u 2C = C = C H (D )Br 70% EtOH 74.4°C 1 . 2 0 1 . 0 1
t-B u(M e)C  = C = C H (D)Br 50% EtOH 6 4 .2°C 1 . 2 0 1 . 0 1
t-B u(M e)C  = C = CH (D)Br 70% EtOH 6 0 .2°C 1 . 2 2 1 . 0 1
In th is c a s e , an sp^ h ybrid ized  carbon changes to an sp  hybrid ized  
carbon as the allenyl cation interm ediate is  formed. The m agnitudes of 
the a isotope e ffec ts  are the la rg est ev er  reported  for halide leaving  
g r o u p s . S c h ia v e lli  and  Ellis estim ated the maximum value for an a
S ch iavelli, T . Germroth, and J. S tu b b s, J. O rg. C hem ., 41, 681
(1976).
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e ffe c t  w here th ere is an sp^ - sp  hybrid ization  change from the e x ­
change equilibrium  constants sh ow n . ^ 8
FIGURE 11
CH3 CH3  + CH2  = CHD......<l'~.. > CH3 CH2  + CH2  = CH2
K = 1.075
CH2  = CH2  + DC = CH......... < .. n CH2  = CHD + Hc  = CH
K = 1.257
T h e se  e q u ilib r ia  imply that the isotope e ffec t for sp^ - sp  h y b rid ­
iz a t io n  is  1 .2 5 7 /1 .0 7 5  = 1 .1 7  tim es that for an sp^ - sp^ ch an ge. 
A ssum ing a maximum k jj/k j) = 1.125^9 for Br" leav in g  from a saturated  
h a l id e , th e n  th e  maximum a isotope e ffec t for so lv o ly sis  of a v in y l 
bromide is 1 .17 X 1.125 = 1 .3 2 . T his estim ate agrees v e r y  well w ith the  
experim ental value obtained for the so lv o ly sis  of t -B u z C = C = CH (D)Br 
w here kjj/k j} = 1 .2 8 .
S e c o n d a r y  iso to p e  e f f e c t s  fo r  su b stitu tio n s  p roceed in g  v ia  the  
addition elimination pathw ay have p rev io u sly  not been  rep orted . If the  
deuterium  analogues of prim ary v in y l halides that appear to undergo  
su b stitu tio n  b y  an addition-elim ination route can be sy n th es iz ed , then  
t h e  iso to p e  e f f e c t  can  b e m ea su red  r e a d ily .  S t r e i t w e i s e r ^ O  h as  
p red ic ted  the maximum isotope e ffec t  is  a resu lt of the out of plane 
b e n d in g  v ib r a tio n  th a t  ch a n g es s ig n ifica n tly  for an sp^ v s .  an sp^ 
carb on .
Schiavelli and D. E llis, J . Am. Chem. S o c ., 95, 7916 (1973).
S h iner, J. Am. Chem. S o c .,  90, 418 (1968).
^ s t r e i t w e i s e r , R . J a g o w , R . F ah ey , S. Suzuki, J. Am. Chem. 
S o c .,  80, 2326 (1958).
FIGURE 12
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He p red icts that the maximum isotope change will be
= exp
k D
0.1865
T
(1350-800) . At 298K th is  g iv es  a maximum in v erse
e f f e c t  o f  k j j /k j )  = .71  i f  th e  tr a n s it io n  sta te  c lo se ly  resem bles an
Determ ination of the a -seco n d a ry  isotope e ffec t should  th erefore be  
a v ery  good tool for com paring m echanistic extrem es. If su b stitu tion s  
proceed in g  b y  a v in y l cation mechanism g ive  normal isotope e ffec ts  and  
su b stitu tio n s  that occur b y  an addition-elim ination route g ive  in v erse  
e f fe c ts , th en  th ere  is  a d istin ct and ob servab le d ifferen ce that can be 
m easured .
MECHANISTIC MODELS
In an attem pt to model exam ples of each of the su b stitu tion  ro u tes , 
a number of ideal ch aracter istics  and compounds have been  id en tified . 
T h e v in y l  c a tio n  r o u te  h a s  been  the most th oroughly  exp lored  and  
exp la in ed . S u b strates that undergo so lv o ly s is  b y  th is mechanism are 
ch aracterized  b y  electron  donating su b stitu en ts  that can stab ilize the  
c a t io n ic  in t e r m e d ia t e .  E n tr o p ie s  o f a c t iv a t io n  a re  p o s i t iv e ,  as  
departure of the leav in g  group in the rate determ ining step  leads to a
sp^ h ybrid ized  carbon.
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le ss  ordered  sp e c ie s . L eaving group e ffec ts  are extrem ely  pronounced  
w ith k g r »  kQi »  k p . O ften times extraord inary leav in g  groups such  as 
to sy la tes  and tr ifla tes  must b y  em ployed so that the cation may more 
read ily  be form ed. With a lk y lv in y l tr ifla tes  as su b s tr a te s , p-deuterium  
isotope e ffec ts  were found in all cases to be 2 0  - 60% larger than the  
corresp on d in g  e ffe c ts  of analogous saturated  su b str a te s . a -secon d ary  
iso to p e  e f f e c t s  o f  v a r io u s  a l le n e s  th a t  u n d ergo  su b stitu tion  b y  an 
allenyl cation are small and p o sitiv e  (1 .1  to 1 .3 ) .
A t th e  o th e r  en d  o f th e  m echanistic spectrum  is the addition- 
elimination rou te . S u b stra tes reported  to undergo su b stitu tion  b y  th is  
m echanistic p o ss ib ility  are ch aracterized  b y  stro n g  electron  w ithdraw ing  
g ro u p s on the p -carbon . Entropies of activation  are h ig h ly  negative  
b e c a u se  the system  becom es more ordered as a bond forms from the  
nucleophile to the su b stra te  in the rate determ ining step  that occurs  
p r io r  to departure of the leav in g  group . L eaving group e ffe c ts  are 
neg lig ib le  b ecause h etero ly tic  d issociation  of the leav in g  group occurs  
in  th e  se c o n d  rap id  s te p . Secondary isotope e ffec ts  are p rev io u sly  
u n ob served ; how ever, th ey  are p red icted  to be in v erse  w ith a maximum 
k H/k D ~ .71 .
In th e  m iddle o f th e  p rop osed  continuum  of mechanisms is the  
c o n c e r te d  p ro cess w here bond formation to the nucleophile and bond  
b reak in g  to the lea v in g  group occur sim ultaneously. It is  proposed  that 
th e  s te r e o c h e m ic a l c o n s e q u e n c e  o f th is  s in g le  s t e p  su b stitu tion  is  
r e te n t io n  o f co n fig u ra tio n  and sev era l exam ples of g rea ter  than 98% 
reten tion  have b een  c ited . H ow ever, retention  is  also a p o ss ib ility  for
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addition-elim ination and so b y  itse lf  stereoch em istry  can not be u sed  as 
the criterion  for a ss ig n in g  ob served  reactions to th is mechanism. In 
fa c t, th ere are no clear cut exam ples of su b stitu tion  occu rrin g  b y  th is  
mechanism. In an attem pt to come up with a model system  for a concerted  
p r o c e ss , in v estig a to rs  have turned  to the oxidative - addition reactions  
of sev era l transition  metal com plexes w ith v in y l h a lid e s .31
S t il le  an d  L a u ^  rev iew ed  th ese  reactions and more sp ecifica lly  
a d d r e s s e d  th e  o x id a t iv e  addition of v in y l halides to transition-m etal 
c o m p le x e s . M ost n o ta b ly ,  th ese  reactions proceed  with ’’remarkable 
s t e r e o s p e c i f ic i t y ’’ which agrees w ith the su g g estio n  that a concerted  
p ro cess will proceed  with reten tion  of configuration . 33
FIGURE 13
P t[P (P h ) 3 ] 3  + c is-p -b rom ostyren e ---------> PtBr(HC = C H Ph)(PPh 3 ) 2
P t[P (P h ) 3 ] 3  + tran s-p -b rom ostyren e ---------> PtBr(HC = CHPh)(PPH 3 ) 2
A b r o a d ly  exam ined complex is P t[P (P h ) 3 ] 4 ^  which will undergo an 
o x id a t iv e  a d d it io n  w ith  a v a r ie ty  o f s u b s tr a te s  su ch  as hydrogen  
h a l id e s ,  a lk y l h a l id e s ,  v in y l  h a lid es and a ce ty len es. The platinum  
complex is a d-^ compound and will react more readily  and in milder 
conditions than similar reactions of d^ com pounds. The platinum complex 
f ir s t  d issocia tes  P t(P P h 3 ) 4  to Pt (PPh 3 ) 3  + PPI1 3 . At th is p o in t, the
31-B. Mann, B . Shaw, N. T u ck er, J . Chem. Soc. , 2667 (1971).
32p. Stille and K. Lau, A ccounts Chem. R e s .,  1977, 10, 434.
33p. Fitton and J. McKeon, Chem. Commun., 4 (1968).
3 4 j .P . B irk , J . H alpern, and A .L . P ickard, Inorg. C hem ., 7, 2672 
(1968).
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platinum  has not undergone and oxidation as the tr ip len y l phosphine  
ligand is  neutral and there is s till no charge on the platinum; h ow ever, 
th e  p la tin u m  is  now co o rd in a tiv e ly  u n satu rated . The coord inatively  
u n saturated  trigonal planar sp ecies  is  more reactive and will undergo an 
oxidative addition w ith an appropriate su b stra te . Pearson and Rajaran8  ^
o b served  the oxidative addition of m ethyl iodide to tetrak is (tr ip h en y l 
p h osph ine) platinum  (0) and h yp oth esized  that d issociation  of Pt (PPhg)^  
to Pt (PPh_3 ) 3  was an important step  b efore addition of the CH3 I. A fter  
th e  in it ia l  d issocia tion , the reaction is  f ir s t  order in both the alkyl 
halide and the platinum complex and appears to undergo a concerted  
oxidative addition .
IrC l(C O )[P ( 0 3 1 1 5 ) 3 ] 2  is another compound that has a great ten d en cy  
to add covalent m olecu les . 8 8  The iridium complex and some of its  many 
reactions have been  e x te n siv e ly  stu d ied  b y  Vaska and the common name for  
th is  com p lex  is  V a sk a ’s co m p o u n d . In the m id-1960’s R .F . H eck8  ^
r e p o r te d  the ox idative -  addition of severa l alkyl halides to V aska’s 
compound and its  rhodium analogue. Both of th ese  d 8  com plexes are 
con verted  into octahedral d 8  com plexes as th ey  undergo the oxidative  
a d d itio n  o f a covalent molecule to the coordination sp h ere . In p ar­
t ic u la r , acyl halides add rev ers ib ly  to the coord inatively  unsaturated  
d 8  com plexes and the reaction can be read ily  followed b y  the sh ift in 
the in frared  band of the CO group to a h igh er freq u en cy  as the metal is
8 8 R. Pearson and C. Rajaram, Inorg. C hem ., 13, 246 (1976).
88Collman and S ears, Inorg. C hem ., 7, 27 (1968).
8 ^R .F. H eck, J . Am. Chem. S o c ., 86, 2796 (1964).
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oxid ized  and the d egree of back bonding d e c r e a se s . 8 8  T hese additions 
o c c u r  s t e r e o s p e c if ic a l ly  in  a g reem en t w ith  th e  re q u ir em en t fo r  a 
concerted  mechanism.
T he addition of v in y l compounds to d 8  and d ^ 8  com plexes is of 
particular in terest b ecau se th ey  can be thought of as a v in y lic  su b ­
s t i t u t i o n  b y  an  e x c e l l e n t  n u c le o p h ile  r a th e r  th a n  an o x id a tiv e  
ad d ition . The facile addition of v in y l compounds to Pd (PPh 3 ) 4  was 
in v estig a ted  b y  Fitton and MeKeon . 8 8
FIGURE 14
NC CN
\  /
NC CN PhoP C = C
\  / \  / \
Pd(PP h 3 ) 4  + C = C ---------> Pd CN
/ \  / \
NC CN NC PPh 3
H Cl H Cl
\  / \  /
Pd(PPh 3 ) 4  + C = C -» Ph3P C = C
/ \  \  / \
Cl H Pd H
/ \
Cl PPh 3
O nce a g a in , r e te n t io n  o f configuration  is  ob served  and there is an 
in it ia l  d is s o c ia t io n  o f the tetreh ed ral platinum complex to a trigonal 
planer sp e c ie s .
8 8 R .F . H eck, J. Am. Chem. S o c .,  8 6 , 2796 (1964). 
8 8 P. Fitton and J. McKeon, Chem. Commun., 4 (1968).
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Johnson and Lew is'^  prepared  other platinum and palladium com plexes 
b y  the reaction of zero valent metal com plexes (M(PPh 3 >4 ) w ith ch lor­
inated  olefins such  as trich loroethylene and te trach loroeth y len e . They  
c h a r a c te r iz e d  the metal com plexes as excellen t nucleophiles and their  
oxid ative addition products were rem arkably stab le . The su b stitu tion s  
proceeded  with retention  of configuration  and appeared to be the resu lt  
of a concerted  p ro cess .
The u se  of transition  metal com plexes as excellen t nucleophiles may 
be the solution  to fin d in g  a model system  for the concerted  p rocess of 
n u c leo p h ilic  v in y lic  su b stitu tio n . T h ese reactions proceed  w ith great 
reten tion  of configuration  and appear to be f ir s t  order in both su b ­
s tr a te  an d  n u c le o p h ile . More research  is  n ecessa ry  to determ ine if  
th ese  su b stitu tio n s do indeed  occur via a s in g le -s te p  mechanism.
We p r o p o se  to  m easure the secon d ary  isotope e ffec ts  of severa l 
n u c leo p h ilic  v in y lic  su b stitu tion  reaction s. T hese isotope e ffe c ts  and 
other known reaction ch aracteristics should  enable the experim enter to 
p red ict which mechanism is  fu n ctio n in g , or approxim ately where along the 
m echanistic continuum a particular reaction lie s .
Johnson , J. Lew is, J. Jones and K. T aylor, J. Chem. S o c .,  
Dalton T r a n s .,  34 (1974).
EXPERIMENTAL
A ll tem perature m easurem ents are u n corrected . Infrared sp ectra  
w ere  m ea su red  w ith  a Perkin-Elm er 1320 spectrophotom eter and nmr 
sp ectra  w ith a Varian FT-80A instrum ent; sign al positions are g iven  in  
delta u n its  dow nfield from tetram eth y lsilan e.
S o lv en ts .
Laboratory grade m ethylene chloride (F ish er , D -37) was d istilled  
over phosphorous pentoxide under a n itrogen  atm osphere, and stored  over  
L ind  4 -A  m o lecu la r  s i e v e s .  U .V . g r a d e  a ce to n itr ile  (B urdick  and  
Jackson) was u sed  w ithout fu rth er  purification  although care was taken  
to avoid m oisture a fter  the b ottles w ere opened . D iethyl e th er  (F ish er , 
laboratory grade) and methanol (F ish er) were u sed  w ithout p urification .
M aterials.
l-ch lo ro -2 ,2 -d im eth o x y ca rb o n y le th y len e , b .p .  109°C /20 mm Hg was 
p r e p a r e d  from  th e  sodium salt of dim ethyl hydroxym ethylenem alonate  
(p rep ared  b y  the su c c ess iv e  addition of 0 .5  mole sodium m ethoxide and  
1 .0  mole m ethyl formate to a solution  of 0 .5  moles of dim ethyl malonate 
in 150 ml of m ethanol. The m ixture was allowed to reflu x  for 90 m inutes 
then  cooled slow ly . Fine white cry sta ls  of the salt were collected  on a 
B uchner fu n n el and w ashed w ith petroleum  e th e r .)  and one equ ivalent of
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phosphorus p en tach lorid e . A s lu rry  of the sa lt in m ethylene chloride  
was allowed to reflu x  for four hours while the phosphorus pentachloride  
was slow ly added . The reaction m ixture was poured into ice w ater and  
the organic layer was w ashed th ree times w ith equal volumes of d istilled  
w ater and th en  twice w ith 10% sodium b icarbonate. A fter d ry in g  with  
magnesium su lfa te  the p roduct m ixture was d istilled  on a 2 0  cm v igreau x  
colum n to  g iv e  th e  d e s ir e d  p rod u ct as a co lorless liquid; 3 .86(6H , 
2 s , 2Me) and 7 .46 (1H , s ,  H -C :) .
l - b r o m o - 2 , 2 -d im eth o x y ca rb o n y le th y len e , b .p .  ~16°C/6mm Hg was 
p r e p a r e d  a n a lo g o u s ly  to  i t s  1 -c h lo r o  d e r iv a t iv e  w ith the follow ing  
ex cep tio n s. One eq u iva len t of phosphorus tribrom ide and one equivalent 
o f b rom in e w ere  a d d ed  to  a s lu r r y  o f the sodium salt of dim ethyl 
hydroxym ethylenem alonate in m ethylene ch loride. A gain , the reaction  
m ix tu re  w as a llo w ed  to  r e f lu x  fo r  fo u r  hours and was pu rified  as 
b efo re . Gas chrom atographic an a lysis  of the final product on a 30 meter 
m ethylsilicone cap illary column revealed  that the product was only about 
70% p u re . S u bsequent attem pts to p u r ify  the product b y  preparative gas 
chrom atography were fu tile  b ecau se the product appeared to decompose on 
the column.
l - c h l o r o - l - d e u t e r o - 2 , 2 -d im eth o x y ca rb o n y le th y len e  was prepared  
a n a lo g o u s ly  to  i t s  p ro tio  d erivative  with the excep tion  that m ethyl- 
-d -form ate (A ld rich , gold label) was u sed  in place of the protio m ethyl 
form ate. G .C . an a lysis  revea led  the product to be ~98% pure; 63.84  
( 6 H, 2 s , 2Me) w ith e ssen tia lly  n eg lig ib le  protio contam ination.
r -
□ 2 
CL X
□  Ui
if- □
cb m if)
H  U i
U- ex. o to
□ < _ ,
O  2  C  \s\ " cr 1
LU
ta 2? g g S'«D w < 
j  ^  ^  _o o o 2  
5 0 0 0 .
2  _ l  _ l  C/3
£  £ £  
m  o  '
“  t -  ID >  —  —
I  2  5  5  Q  CL
LU _  CL CL Q
to
5 j  <  I  
t  <  E  t52 £ £ S2 = 0 0 3
O  U J ■ O  
O  CL O  O  
< to 2 <
I  > -  CO 
( -  <  t -  
O  - j  Z— UJ
§  o  o
u j  u j  Q-
to  CO <
I  I  X  X
0
0
0 0a
C3 
CC
z  
<  
o O- J  t r
LU U i
O^ho it o 5 0 $ 
cc cc o
III  I II  7
= -3'S -  
8  8 's §
UJ UJ O  O  
Q  Q  2  <
5  £
S  - 5:r ;  t -  u j z 3 T 
< 5 - 05 Ll_
o
o  >  E.
UJ U J UJ
o
26
u ' | <iiw
R o  o
— ~  „  -c;
o
- J  UL X
to
o
< o °  
® 1 2
8  = < 
2 11 Z
gjZ q D 52 uj — z
O  co  >  UJ
_  U- tL  Q  “x  D  x  0  -  ccL J I— ’*■' t— III0 _  b  o  tc  u . 
;  2  u j  u  
?  u j  >  x
E in
TIT
Mfjli.
in'rntf ■in
X  11
Pr
im
ed
 
in 
U.
S.
A.
 
1-
79
/10
0/W
P 
CH
AR
T 
NO
. 
W
CV
-2
0
OiJ d'Q
i i i t i tI s
: r  ; i
; :^"i;n: niiniHTi]
!H,::, 
i i i i ! - l!i iiii M w d m
:t : !! i.i'i
i t ; :. i., j 11
liiLi
2 1
i i i H t . i
! r jrt'Jj
t r ; ;  r r.-.m
i i i i i l !M
] { j j g i ! m ! ; i i R i i i - ! . i i : l
iTilij.'Tii*
I;;3:in::-::;Fiprm r p d i
fnU
.SA
 
W
A
i/K
M
O
O
 
CH
AR
T 
NO
. 
W
C
V
-2
0
28
1  - b r o m o - l -d e u t e r o - 2  , 2 -d im eth o x y c a r b o n y le th y le n e  was prepared  
a n a lo g o u s ly  to i t s  p r o t io  d e r iv a tiv e  and the d euterated  chloro-com - 
pound. G .C . an alysis  revea led  the product to be “95% p u re .
A n ilin e  and  d e r iv a t iv e s  (2  , 6 -d im e th y la n il in e , m -a n is id in e  and 
p -b r o m o a n ilin e )  w ere  d is t i l le d  o v e r  phosphorus p entoxide and then  
stored  over molecular s ie v e s .
T e tr a k is tr ip h e n y lp h o s p h in e p la t in u m (0) was purchased  from the  
A ldrich Chemical Company and u sed  w ithout fu rth er  pu rification . Care 
w as ta k e n  n ot to  e x p o s e  th e  platinum complex to a ir , su n lig h t, or 
m oisture. Solutions of the com plex in acetonitrile were prepared  in a 
d ry  box and stored  under a n itrogen  atm osphere.
K inetic P rocedure.
S to ck  so lu tio n s of the nucleophiles were prepared  w eek ly . The 
nucleophile solution  was carefu lly  p ip etted  into each of the conductance  
c e l ls  an d  a llo w ed  to e q u ilib r a te  to  th e  d e s ir e d  te m p er a tu r e  in  a 
constant tem perature bath  for tw en ty  m inutes to an hour. From two to 
f iv e  jjlL  of the appropriate su b stra te  solution (~0.100M ) were injected  
in to the sealed  cells so that th ere was at least a f if ty  fold  e x c ess  of 
n u cleoph ile. For exam ple, if  5jjIj of a .100 M su b stra te  solution were 
in je c te d  in to  15 ml of a 1 .6 7 x l0 “^M nucleophile so lu tion , then  there  
would be the d esired  50 fold e x c e s s  of nucleophile.
The reaction was followed u s in g  a H ew lett-Packard 4274-A  multi­
freq u en cy  LCR 9826 com puter with a quartz clock . One hundred or more
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poin ts w ere taken  over four to f iv e  half l iv e s . The p se u d o -fir s t  order  
rate co effic ien ts  in the p resen ce  of e x c e ss  nucleophile were calculated  
w ith the aid of the KINETICS p r o g r a m . T h e  correlation coeffic ien ts  
were >0.99 and k 0^s va lu es were obtained b y  d iv id ing  the f ir st-o r d er  
rate coeffic ien ts  b y  the concentration  of the nucleophile.
^ T h is  program  was w ritten  b y  Schiavelli and H uey for th is sp ecific  
ap p lica tion .
RESULTS AND DISCUSSION
T h e r e a c t io n  of sev era l aniline d eriva tives w ith l-c h lo r o -2 ,2 -d i-  
m ethoxycarbonylethylene was chosen  as a reaction that was h yp oth esized  
to proceed  via an addition-elim ination r o u te .^2 Several facts  support 
th is  id ea :  A S +  ~ -4 0  cal/m ol*K ,43 kQ ^/kgr = 1, and the electron
w ithdraw ing su b stitu en ts  on the p-carbon will read ily  support a zw it- 
terion . Table 4 show s the ob served  rates as well as the concentration  
of both nucleophile and su b stra te , and the number of ru n s. The ob served  
r a te s  a g r e e  well w ith p rev io u sly  m easured rates for th ese  reaction s. 
R a p p o p o r t  r e p o r te d  k 0^ s = . 0 0 6 3 1 ± . 00021 fo r  th e  r e a c t io n  o f
2 ,6-d im ethylan iline and we ob served  a rate of k0^ s = . 00644±.00020
for the same reaction .
S im i la r ly ,  w ith  th e  r e a c t io n  o f th e  sam e n u c le o p h ile s  w ith  
l - c h l o r o - l - d e u t e r o - 2 , 2 -d im e th o x y ca r b o n y le th y len e  was ob served  and 
recorded  in Table 5.
Table 6  show s the secon d ary  isotope quotient for th ese  reaction s.
42Z. Rappoport and A . Topol, J . Chem. S o c .,  Perkin T rans. 2, 12, 
1923 (1972).
4 3"The C hem istry of the Amino G rou p ,” In terscien ce P u b lish ers, 
London, 1968, page 128.
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Table 6
(D )H  COoMe
\  /
REACTION OF C = C WITH:
/ \
Cl C 0 2Me
N ucleophile k H/k D
aniline .730 ±.032
2 , 6 -d im ethylaniline .791 ±.069
m -anisidine .739 ±.050
p - b romoanilin e .818 ±.030
There is  a d istin ct correlation  betw een  the  
various amines and th eir  recorded  pKa v a lu es.
ob served  rates
Table 7
pKa VALUES OF ANILINE AND DERIVATIVES
Nucleophile P*a*
aniline 4 .60
2 , 6 - dim ethylaniline 3.89
m -anisidine 4.21
p - b romoaniline 3.86
* MT h e C h e m istry  o f the Amino 
In terscien ce P u b lish ers , London
G roup, " 
1968.
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Aniline has the h ig h est pKa and exh ib its  the fa s te s t  ra te . The 
rates of m -aniside and p-brom oaniline decrease proportionally  as there  
pKa values also d ecrea se . It should  be noted that 2 ,6-d im ethylan iline  
d o es  n o t fo llo w  th is  general tren d . Its rate is slow ed considerab ly  
com pared  to p-brom oaniline w hich has an almost identical pKa va lu e. 
T his is readily  exp la ined  b y  s ter ic  h indrance on the rate of attack  b y  
the amino n itrogen .
T h e se  r e s u lt s  a lso  agree extrem ely well w ith theoretica l ca lcu l­
a t io n s  o f S tr e itw e is e r 4 4  and S tr a u sz ^  for a reaction w here an sp^ 
carbon is transform ed to an sp^ carbon in the transition  s ta te . Their  
calculated values for the maximum in v erse  secon d ary  isotope e ffec t are 
0.71 and 0 .7 2 , r e sp e c tiv e ly . T hese isotope e f fe c ts , coupled with the  
p rev io u sly  reported  p h y sica l co n sta n ts , su g g e s t  that th is  is  a reaction  
p roceed in g  b y  the addition-elim ination mechanism and that bond formation  
from  th e  n u c leo p h ile  to carbon is n early  com plete before any d isso ­
c ia t io n  o f th e  le a v in g  g ro u p  b e g in s . If the calculations of S tre it-  
w e is e r  and  S tr a u sz  a re  c o r r e c t ,  th e n  th e  reactions of aniline and  
m -a n is id in e  a p p e a r  to  b e  v e r y  c lo se  to the m echanistic extrem e of 
addition-elim ination. Furtherm ore, th ese  resu lts  do indicate a d istin ct  
an d  o b serv a b le  d ifferen ce betw een  the extrem es of the addition-elim ­
ination and v in y l cation rou te .
44A. S tre itw ieser , R. Jagow , R. Fahey, S. Suzuki, J. Am. Chem. 
S o c .,  80, 2326 (1958).
4^ 0. S tra u sz , I. Safarik , W. O’Callaghan, and H. G unning, J . Am. 
Chem. S o c .,  94, 1828 (1972).
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With th e s e  new  o b s e r v a t io n s  and  the prev iou s h y p o th esis  that 
certain  transition  metal com plexes might proceed  b y  a con certed  su b ­
s t i t u t io n ,  a p re lim in a ry  in v e s t ig a t io n  w as begu n  to determ ine if  a 
reaction that did proceed  via a s in g le  step  p rocess could be o b serv ed . 
S p ecifica lly , th is in vestiga tion  would focu s on the ob served  secon d ary  
iso to p e  e f f e c t s  fo r  s u c h  a rea ctio n  in the hope that a relationsh ip  
betw een  secon d ary  isotope e ffe c ts  and mechanism could be o b serv ed .
T etrakistriphenylphosphineplatinum (O ) was su g g e sted  as the n u cleo­
p h ile  b e c a u se  of its  h igh  d egree of n u cleoph ilic ity  and the prev iou s  
o b s e r v a t io n  th a t  it  g a v e  r e te n t io n  of configuration  in its  reactions  
w i t h  c i s  a n d  t r a n s - p - b r o m o s t y r e n e  . ^  T h e  r e a c t i o n  o f  
t e tr a k is tr ip h e n y lp h o s p h in e p la t in u m ( 0 ) w ith  l - c h l o r o - 2 , 2 -d im eth oxy­
carb on ylethylen e was followed b y  the same k inetic procedure as b efo re . 
Table 8  rep orts the ob served  rates at th ree d ifferen t tem peratures.
Table 8
REACTION OF P t[P (P h )3 ]4 
WITH
l-C H LO R O -2, 2-DIMETHOXYCARBONYLETHYLENE:
Number v  , ,
o f  P trP fP h i 1 ^ ob served
Runs L  ^ S u b strate  Tem perature (L /m ol*s)
6  1 . 046mM .0191mM 14.75±.10°C  .0942±.0071
4 1 . 051mM .0191mM 25.32±.03°C  .21121.0038
4 1.046mM .0191mM 34.95±.01°C  .34561.0198
Fitton and J. McKeon, Chem. Commun., 4 (1968).
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S im ila r ly , th e  r e a c t io n  o f tetrak istrip h en ylp h osp h in ep latin u m (O )  
w ith l -c h lo r o - l-d e u te r o - 2 , 2 -d im ethoxycarbonylethylene was ob served  and  
th e  a p p r o p r ia te  d a ta  is  r e p o r te d  in  Table 9. Table 10 show s the  
s e c o n d a r y  iso to p e  e ffec ts  for th ese  reactions at the various tem per­
atu res .
1-
Table 9
REACTION OF P t[P (P h )3 ]4 
WITH
CHLORO-l-DEUTERO-2, 2-DIMETHOXYCARBONYLETHYLENE
Number
of
Runs P t[P (P h ) 3 ] 4 Substrate
■^-observed 
Tem perature (L/mol* s')
5 1 . 046mM . 0185mM 14.75± .10°C  ,1215±.0171
4 1 .051mM . 0185mM 2 5 .32±. 03°C . 3620±.0117
4 1 . 046mM .0185mM 3 4 .95±. 01°C . 6582±.0452
Table 10
(D )H  COzMe 
REACTION O F P t[P (P h )3 ]4 WITH C = C
Cl CQ2Me
Tem perature
14.75± .10°C
k H/k D 
.775 ±.167
2 5 .32±.03°C .583 ±.029
34.95± .01°C .525 ±.065
39
T h ese large in v erse  isotope e ffec ts  su g g e st  an en tire ly  d ifferen t  
m echanism  is op erating . A plot of the natural logarithm  v e rsu s  the 
in v erse  of the absolute tem perature g iv es  a line w hose slope is equal to 
-Ea /R  accord in g  to the A rren ius eq u a tio n . ^  F igures 19 and 20 show a 
plot of L n(k) v e r su s  1 /T  for  both  the protio and deutero com pounds. 
Once Ea is  ca lcu lated , and A H + can be found b y  the follow ing
eq u a tio n s . ^ 8
Ea = A H + + RT 
A S *  = 4 .58  log |  - 47 .4
U s in g  t h e s e  e q u a t io n s  an d  th e  p r e v io u s ly  rep o rted  data, the  
follow ing param eters are rep orted  in  Table 11.
Table 11
PHYSICAL PARAMETERS FOR THE REACTION OF
(D)H C 02Me
P t[P (P h )3 ]4 WITH C = C
Cl C 02Me
F Kcal cal A u i  Kcal
S u b strate a mol mol#K mol
protio 11.5  -4 4 .0  10.9
deutero  14 .9  -3 0 .1  14.3
4?W. Carey and H .S u n d b erg , ’’A dvanced O rganic C h em istry ,’’ Plenum  
P r e ss , New Y ork, 1985.
Carey and H .S u n d b erg , ’’A dvanced O rganic C h em istry ,” Plenum  
P r e ss , New Y ork, 1985.
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T h e re  a re  s e v e r a l  p o s s ib i l i t ie s  to  e x p la in  th e  la r g e  in v e r s e  
isotope e ffe c t . The s ize  of the platinum complex must be con sid ered . 
S te r ic  e f f e c t s  w ill co n tr ib u te  to a secon d ary  isotope e ffec t and the  
platinum complex is  c learly  much larger than the nucleophiles that had 
p r e v io u s ly  b e e n  u s e d  ( i . e . ,  a n ilin e  and m ethoxide io n s ) . A nother  
p ossib le  explanation  of the large in v erse  isotope e ffec ts  might be that 
another mechanism is  fu n ction in g .
Figure 21
PROPOSED TRANSITION STATE FOR THE SUBSTITUTION REACTION OF 
TRIKISTRIPHENYLPHOSPHILE PLATINUM
WITH
VINNYLIC SUBSTRATES
[P (P h ) 3 ] 3
I ",-L
I /
I ✓
* /c
\
H(D)
If th e  p la tin u m  in ser ts  itse lf  into the carbon-halide bond there  
will be g rea ter  restr ic tio n  around the carbon and a more pronounced  
is o to p e  e f fe c t . It does appear that the platinum complex d issocia tes  
from  th e  te tr a k is  to the tr is  sp ec ies  b efore it r e a c t s .^9 If th is  is 
the ca se , then  it is  p ossib le  that the now coord inatively  unsatu rated  
metal is  in serted  d irec tly  betw een the carbon and halide. The th r e e - 
m em bered  c y c l ic  tr a n s it io n  s ta te  would have partial bond character  
betw een  the platinum , carbon and halide. To fu rth er  in v estig a te  th is
^ M . Kowalski and P . S tan g , personal communication.
R
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/
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p o s s ib i l i t y  a p r e lim in a r y  o b s e r v a t io n  o f le a v in g  group e ffe c ts  was 
u n d ertaken . The reaction of l-c h lo r o -l-d e u ter o -2 ,2 -d im e th o x y ca rb o n y l-  
eth y len e  and its  bromo analogue w ith the platinum complex was o b serv ed . 
P r e lim in a ry  r e s u lt s  in d ic a te  th a t  k ^ ^ /k g r = 3. This is even  more 
p u zz lin g , b ecau se it s u g g e s ts  that cleavage of the stro n g er  bond (C -C l)  
is  occu rrin g  fa ster  than d issociation  of the weaker bromine bond.
The en trop ies and en thalp ies of activation  for the reaction of the  
platinum  complex w ith both  the d eu terated  and protio su b stra te  co rr e s­
pond v e r y  well to th ose  reported  for the reaction of aniline d eriva tives  
w ith the same su b stra te .
Table 12
H COoMe
\  /
REACTION OF C = C WITH:
/ \
Cl C 0 2Me
A S *  551 A H * S £ S i mol*K ______ mol
analine^O - 4 0  7 .3
P t[P (P h )3 ]4 -44 10.9
This would seem to indicate that the reaction is  p roceed in g  via an 
a d d it io n -e lim in a t io n  m ech an ism . It is  n ot read ily  apparent how to
5°Z. Rappoport and A . Topol, J. Chem. Soc. , Perkin T ran s. 2, 12, 
1923 (1972).
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a d d it io n - e l im in a t io n  r o u te  w ith  th e  p r e lim in a r y  o b se r v a t io n  th a t  
k c i / k s r  = 3. C learly leav in g  group e ffec ts  of th is  m agnitude are not 
associa ted  w ith addition-elim ination su b stitu tio n .
More research  is  needed  to determ ine which mechanism is  function ing  
w h en  th e  platinum complex u n d ergoes nucleophilic attack  on such  an 
activated  su b stra te . It is  reasonable to sup p ose that the su b stitu tion  
is  p roceed in g  w ith some bond formation to the nucleophile prior to bond  
dissociation  to the lea v in g  group; h ow ever, other com plicating factors  
cannot be ign ored . The d issociation  of the platinum com plex does allow  
fo r  th e  p o s s ib i l i t y  o f d ir e c t  in s e r t io n  or som e o th e r  m ec h a n is t ic  
co n sid era tion .
In  th e  s e a r c h  for the d irect su b stitu tion  or concerted  p r o ce ss , 
o th e r  s u b s t r a t e s  m ust b e  in v e s t ig a t e d .  The u se  of le ss  activated  
su b stra tes  coupled w ith b e tter  leav in g  groups might provide the n e c e s ­
sa ry  combination to ob serv e  su ch  a one step  p r o c e ss . The reaction of 
i s o b u t e n y lt r i f la t e  w ith  the platinum  complex is  proposed  as a s u f f i­
c ie n t ly  d e a c t iv a te d  s u b s tr a te  w ith  an  e x c e lle n t  leav in g  group that 
should  read ily  und ergo  nucleophilic attack  b y  the platinum  com plex. The 
a v a i la b i l ity  o f m easu rin g  a secon d ary  isotope e ffec t at the a-carbon  
m akes th e  in v e s t ig a t io n  o f th is  reaction  even  more in ter estin g  and  
n e ce ssa ry  to u n d erstan d in g  the relationsh ip  betw een  secon d ary  isotope  
e f f e c t s  and w here along the m echanistic continuum  a particu lar su b ­
stitu tio n  reaction  lie s .
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